The present investigation was carried out during 2015 and 2016 seasons on three Egyptian mango cultivars (Mangifera indica L.) named Ewais (normal & nubbin), Sedeq and Zebda grown at a private orchard in Idko region under Beheira governorate conditions. The trees were selected to study normal and nubbin fruits of some mango trees productivity and quantification of expressed gene levels as well as trying to make better understanding of embryo abortion phenomenon in mango. Real-time qPCR was used to detect the relative amounts of mRNA of four different genes. Fruit physical characteristics of Ewais (nubbin) cultivar, i e fruit length, width and pulp, stone and peel weights, as well as yield were lower significantly than normal fruits, while its pulp/ stone ratio gave the highest values, in both seasons. The chemical characteristics of Ewais (nubbin), i e TSS, TSS/ acidity, reducing sugars, total sugars and pectin methyl esterase were significantly higher than normal fruits, while acidity, vitamin C and peroxidase were the lowest values. Results showed that the four selected ESTs were differentially expressed in the tissues of normal, aborted embryos and leaves, however, the 4 ESTs (MaAGA, MaAP2, MaERF, and MaMADS) were upregulated in normal embryo tissues compared to aborted embryos of "Ewais". Also the expression levels in the leaves tissues were upregulated in Sedeq and Zebda varieties compared to Ewais leaves. The results of total protein (SDS-PAGE) explained that Zebda and Sedeq cultivars, which had normal fruits gave the highest several bands in both embryos and leaves tissues than Ewais cultivar which had nubbin fruits.
NTRODUCTION
Mango (Mangifera indica L.) is a globally important fruit crop of the tropics and subtropics, particularly in Egypt, where it is considered the 'king of fruits' due to its delicate, sweet flavor and nutritional value. The total fruiting area of mango trees was about 88510 hectare that produced about 927350 ton at the year of 2014 (Arab Agricultural Statistics Yearbook, 2015) . Only perfect (hermaphrodite) flowers are able to set fruit, however, the number of perfect flowers per inflorescence varies between cultivars or is variable from year to year, depending on the location of the inflorescence in the tree (Singh and Arora, 1965 and Singh, 2005) .
Embryo abortion, which hinders normal fruit development, seems to play an important role in induction of the abscission process at early stages of fruit development (Mukherjee, 1953) . Earlier studies and observations had focused on the physiological and anatomical aspects of mango embryo abortion, and the molecular basis of this disorder is unknown. In this regard, according to Bustin (2002) , Real-time PCR differs from classical PCR by the measurement of the amplified PCR product at each cycle throughout the PCR reaction. In practice, a video camera records the light emitted by a fluorochrome incorporated into the newly synthesized PCR product. Thus, real-time PCR allows the amplification to be followed in real-time during the exponential phase of the run and thus allows the amount of starting material to be determined precisely.
It is necessary to identify the genes that are differentially expressed in aborted tissue to explore the molecular basis of embryo abortion in mango. Furthermore, He et al. (2012) used a PCR-based subtractive hybridization technique to isolate differentially expressed genes from normal and aborted embryo tissues to characterize the molecular aspects that probably play role in embryo abortion events. However, Choudhury et al. (2012) employed (SDS-PAGE 10%) markers to make an assay to systematically investigate the role of an AGAMOUS MADS-box transcription factor in regulation of fruit ripening and floral reproductive organ development in banana cultivar Giant governor. They reported that single distinct protein band with an approximate molecular mass near 27-kDa was obtained in the elution fractions from both flower and fruit specific DNA-protein complexes.
The aims of the present study are to determine normal and nubbin productivity of some mango trees in relation to quantification of expressed gene levels. In addition to understand better embryo abortion phenomenon in some mango trees through obtaining the role of some ESTs genes that implicated in embryo abortion using RT-qPCR technique.
MATERIALS AND METHODS
The present investigation was carried out during two successive seasons 2015 and 2016 on three Egyptian mango cultivars (Mangifera indica L.) named Ewais (normal & nubbin), Sedeq and Zebda grown in a private orchard in Idko region under Beheira governorate conditions. The experimental trees were about eight years old, budded on Sukkari rootstock, planted on sandy soil at 3 X 5 m For the present study, twenty trees were selected as uniform as possible in vigor (i e 4 accessions x 5 replicates = 20 trees) and under regular horticultural practices including: fertilization, pruning as well as pest and disease control. Flooding system was used for irrigation.
Trees productivity
In order to determine mango trees productivity, number of normal and nubbin fruits/ tree was counted and the yield in Kg was calculated by multiplying number of fruits per tree X the average of fruit weight. Additionally, fruit physical and chemical characteristics were determined in samples collected randomly from each replicate(5 fruits) at the harvest date in 30 August for Ewais, 20 August for Sedeq and 25 July for Zebda in 2015 and 2016 seasons respectively, and directly transported to the laboratoryof the Faculty of Agriculture, Alexandria University.
A. Fruit physical characteristics
Average fruit length and diameter (cm) were measured for each individual fruit using a Vernier caliper and fruit length /diameter ratio was calculated. Fruit, pulp and peel weight (g) were determined for each cultivar. Also, pulp / stone ratio was estimated in the fruit samples by weighing the stone and pulp then the fruit pulp / stone ratios were calculated.
B. Fruit chemical characteristics
In another sample of five fruits, juice from each replicate was used to determine the percentage of TSS by hand refractometer. Vitamin C was determined in 1 ml fruit juice by titration with 2,6-dichlorophenolindophenol blue dye as mg ascorbic acid/100ml juice according to the AOAC (1995). Five ml from the obtained juice were used to determine the titratable acidity as g citric acid /100 ml juice according to the method described by Chen and Mellenthin (1981) . The total reducing sugars % was determined according to the method of Malik and Singh (1980) . The reducing sugars were determined by the Nelson arsenate-molybdate colorimetric method (Dubois et al., 1956) The peroxidase activity in fruits pulp was estimated using the method of Thomas et al. (1981) . According to Matsuno and Uritani (1972) and Carvalho et al.(2015) ,enzyme activity was reported as enzymatic units (U) and is defined as the amount of enzyme that produces a change in absorbance of 1.0/min under the assay conditions at 25°C. Extraction of pectin methyl esterase (PME) was as described by Lazan et al. (1989) . Pectin esterase activity was assayed using a modification of the method of Lazan et al. (1995) . The assay mixture (25.5 ml) comprising Ca 1% (w/v) pectin containing 2.5 m mol CaCl 2 ; and enzyme extract (0.5 ml) was titrated (25°C)with0.01M NaOH at pH7.5for 15 min.
Statistical analysis
The data obtained throughout this study were statistically analyzed by the analysis of variance as a randomized complete block design as explained by using the software package SAS 9.13 (Service Pack 4, 2002 -2003 . The means compared using the LSD test as differences at P = 0.05 are considered significant.
Quantification of expressed gene levels
Leaves from the three cultivars and fresh fruits with aborted embryos from Ewais (nubbin) and normal fruits from all cultivars were collected after 15 days of fruit set in 2016 to use as target samples. Then after 30 days of fruit set normal fruits and leaves were collected from all cultivars for calibrating the gene expression.
A. Real-time quantitative RT-qPCR
Nucleic acid extraction protocol modified from Llanes et al. (2002) was applied. Gene expression using Real-time qPCR was used to detect the relative amounts of mRNA of four genes; the selected ESTs were AGAMOUS protein (MaAGA), MADS box protein (MaMADS), AP2D domain class transcription factor (MaAP2) and ethylene response factor (MaEFR). Results were normalized to gene Actin were designed based on the sequence of Actin from mango asreference gene according to He et al. (2012) . Primers are illustrated in Table 1 .
One step Real-time RT-qPCR analysis using 2x SensiFAST SYBR® One-Step Kit master mix (BIOLINE) according to the manufacturer's instructions. The amplification program proceeded at 95 °C for 10 min, followed by 40 cycles of denaturation at 95 °C for 15 sec; annealing at 60 °C for 30 sec and extension at 72 °C for 30 sec. The reaction was performed using a Rotor-Gene 6000 (QIAGEN, ABI System, USA).Data analysis using relative expression ratio was accurately quantified and calculated as described by Livak and Schmittgen (2001) .
B. Total protein biochemical (SDS-PAGE) markers
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was carried out using the discontinuous buffer system as described by Sambrook et al. (1989) . After the run was completed, the gel was stained as described by Hames and Rickwood (1990) . RESULTS AND DISCUSSION
Trees productivity A. Fruit physical characteristics
The data presented in Table 2 cleared that Zebda cultivar had significantly higher yield per tree than the other cultivars, while Ewais (nubbin) cultivar had lowest yield in both seasons. Additionally Sedeq cultivar had significantly heavier fruit, pulp,stone and peel weight than the other cultivars in both seasons. Meanwhile, Ewais (nubbin) cultivar had lowest values in both seasons. In addition, Ewais (nubbin) recorded the highest significant pulp/ stone ratio as compared to the other cultivars, while Zebda had the lowest total pulp/ stone ratio. In both seasons, Sedeq cultivar had significantly longer fruits length than the other cultivars in both seasons, while Ewais (nubbin) cultivar had the lowest fruit length and width. No significant difference was found between Zebda and Sedeq cultivars in fruit width in the first season, while Sedeq cultivar had higher fruit width than Zebda.
It was noted that the variations in fruit physical characteristics (normal or nubbin) and among the studied cultivars could be due to the variability in the genetic structures. The observed data concurred with those mentioned by Shaban and Ibrahim (2009) whereas, trees of all evaluated cultivars produced higher significant yield of normal fruit than nubbin fruit. Also, Shaban (2005) , Boshra (2009), El-Khawaga and Maklad (2013) and Elsheshetawy et al.(2016) , who measured the physical properties of six cultivars from Sharkia and Ismailia region and Ibrahim et al. (2016) , who studied genetic diversity on some polyembryonic& monoembryonic mango genotypes using morphological and molecular markers.
B. Fruit chemical characteristics
The results in Table 3 indicated that nubbin and normal Ewais had significantly higher juice reducing and total sugars and TSS percentage TSS / acidity ratio as compared to the other cultivars in both seasons, while the remained cultivars had the lowest ones. In addition, Zebda and Sedeq cultivars had significantly higher juice acidity as compared to the other cultivars in both seasons. Sedeq cultivar had significantly higher juice vitamin C, while Ewais (nubbin) cultivar the lowest ones. Zebda cultivar had the significantly higher peroxidase activity (POD) than the other cultivars, while Ewais (nubbin) cultivar the lowest one. On contrary, Ewais (nubbin) cultivar had the significantly higher pectin methyl esterase (PME) than the other cultivars, while Zebda had cultivar the lowest one.
These outcomes were in harmony with those of Hamdard et al. (2004) and Anjum et al. (2014) , who evaluated chemical contents of eight mango cultivars. It was clearly obtained that the variations in the chemical characteristics like total sugars, reducing sugars, TSS, acidity, the ratio between TSS / acidity, vitamin C, peroxidase activity and pectin methyl esterase of fruit (normal or nubbin) and among the studied cultivars could be due to the variability in the genetic structures. 
Quantification of expressed gene levels A. Real-time quantitative PCR (RT-qPCR)
The data representing the relative expression ratio was accurately quantified as in Figures (1-4) and calculated according to the algorithm 2^(-∆∆Ct) and outcomes are listed in Table (4).The results explained that Zebda and Sedeq cultivars, which had normal fruits had the highest ratio (fold) of AGAMOUS (MaAGA), MADS box (MaMADS), AP2 domain (MaAP2) and ethylene response factor (MaERF) protein than the other cultivar (Ewais), which had a nubbin fruits (aborted) in both of embryos and leaves tissues. These findings referred to increasing in gene expression of AGAMOUS in the cultivars, which had normal fruit than the aborted one and illuminated the role of AGAMOUS in fruit development and floral organ identity which controlled by diverse families of homeotic transcription factors, the floral homeotic gene AGAMOUS (AG) is a group C gene and it encodes a MADS box transcription factor as explained by Yanofsky et al.(1990) . These findings pointed to expanding in gene expression of MADS box in the cultivars, which had normal fruit than the aborted one and represented the role of MADS box in fruit as master regulators of flowering transition and development of flowers, fruits, and seeds as recorded by Ma et al. (2011) and Hemming and Trevaskis (2011) . Also, Genome-wide studies suggest that most MADS-box genes are expressed in a variety of organs and cell types at different developmental stages as reported by Rijpkema et al. (2007) . Loss-of-function mutations in multiple MADS-box genes can convert floral organs to leaf-like structures, and ectopic expression of MADSbox genes can convert leaves into floral organs, illustrating the critical role MADS-box genes play during floral development as mentioned by Trevaskis et al.(2007) .
These outputs referred to the increasing in gene expression of AP2D domain class transcription factor (MaAP2) in the cultivars, which had normal fruit than the aborted one and represented the role of AP2D domain transcription factor in fruit development and ripening. However, the deduced amino acid sequences of ERFs comprise a conserved DNA-binding ERF/AP2 domain (ranging from 58 to 59 amino acids), which is characteristic of the plant ERF gene family as described by Liu et al. (2010) . The 17 ERFs share a highly conserved ERF/AP2 domain with ERF proteins of other plants, proving that the 17 ERFsencode the ERF family TF in the mango fruit, and the cDNA sequences obtained from the RNA-seq are credible according to Hoang et al. (2015) .
These outputs referred to the increasing in gene expression of ethylene response factor (MaEFR) in the cultivars which had normal fruit than the aborted one and represented the role of ethylene response factor (MaEFR) in fruit development and ripening. Moreover, Aharoni and O'Connell (2002) isolated a plant specific transcription activation factor associated with ethylene and abscisic acid response (ERF) from strawberry and suggested its involvement in late achene development. High expression of this gene suggested that it is one of the key transcription factors involved in multitude of activities. Also, ethylene response factor (MaERF) may play an important role in cell resistance to infections and degradation as illuminated by Hoang et al. (2015) .
B. Total protein biochemical (SDS-PAGE) markers 1. Embryos
The SDS-PAGE 15% image of total protein electrophoresis in embryos for the studied mango cultivars were marked and figured in Figure (5-A) .The results showed that each cultivar had several numbers of bands were arranged in a descending order: 8, 7, 5 and 3 bands for Zebda, Sedeq, Ewais (normal) and Ewais (nubbin) cultivars, respectively. These results defined that the highest numerous and intensity bands were (8 bands) in Zebda cultivar followed by (7 and 5 bands) in Sedeq and Ewais (normal), respectively. While the lowest multiples were (3 bands) in Ewais (nubbin) cultivar. The bands were with an approximate molecular mass ranged from (28-kDa to 74-KDa) were obtained in the elution fractions of protein from embryos.
Leaves
The SDS-PAGE 15% image of total protein electrophoresis in leaves for the studied mango cultivars were marked and figured in Figure (5-B) . The results showed that each cultivar had several numbers of bands arranged in a descending order: 6, 5 and 4 bands for Zebda, Sedeq and Ewais cultivars, respectively. These results defined that the highest numerous and strengthens bands were (6 bands) in Zebda cultivar followed by (5 bands) in Sedeq. While lowest multiples were (4 bands) in Ewais cultivar. The bands with an approximate molecular mass ranging from (27-kDa to73-KDa) were obtained in the elution fractions of protein from leaves.
The results explained that the Zebda and Sedeq cultivars which had normal fruits had the highest several bands than Ewais cultivar which had nubbin (aborted) fruits, these were supported to the above described results where, there were high genes expression for all the experimented ESTs primers, especially in cultivars which had the normal fruits and that is reflected on the protein electrophoresis with more bands essentially in normal fruits.
These results agreed with other investigator as He et al. (2012) who evaluated the gene expression using subtractive suppression hybridization to investigate the differentially expressed genes involved in embryo abortion of mango fruit cv. 'Jinhuang'. Seven candidate genes from different categories were selected for semi-quantitative PCR analysis, and their possible functions in embryo abortion. They found that many transcriptionally regulated genes differentially accumulated in 2 types of mango embryo. However, 4 ESTs (MaAGA, MaAP2, MaERF, and MaMADS) were upregulated in normal embryo tissues compared to aborted embryos. 
CONCLUSION
This study suggests that relative quantification data provide basic ESTs and a step forward in our understanding of gene function and regulatory pathways belonged to embryo abortion in some mango cultivars. 
